Objective: Few studies have focused on the effect of resistance training under conditions of malnutrition in older adults requiring long-term care. The purpose of this study was to investigate the influence of nutritional status in older adults on resistance training-induced changes in physical performance.
of studies that included mini nutritional assessments (MNAs) found an overall prevalence of malnutrition to be 22.8% but found considerable differences between settings (rehabilitation, 50.5%; hospital, 38.7%; nursing home, 13.8%; and community, 5.8%; Kaiser et al., 2010) .
However, the authors (Gillespie et al., 2003; Penninx et al., 2001; Singh, 2002) missed important insights into the effects of resistance training under the conditions of malnutrition. They emphasized on the beneficial effects of resistance training for physical function but ignored the adverse effects of nutritional status. Previous work has shown substantial interindividual variability in resistance-type exercise-mediated changes in strength after a period of standardized exercise training (Shrier, 2006) . Although heterogeneity in the adaptive response (lean body mass, muscle fibre size, strength, and physical function) to prolonged resistance-type exercise training was described in a recent retrospective analysis of data from the elderly (Churchward-Venne et al., 2015) , this heterogeneity may be further augmented by the differences between subjects regarding the level of frailty, nutritional status, protein supplementation, and training regimen within the included cohorts (Churchward-Venne et al., 2015) . In a recent observational study, the physical functional capacity of frail older adults undergoing rehabilitation is related to their nutritional status (Chevalier, Saoud, Gray-Donald, & Morais, 2008) .
Another study showed that malnutrition was associated with poor rehabilitation outcome in hospital-associated deconditioning (Wakabayashi & Sashika, 2014) . However, prospective studies have not yet been conducted to confirm this association in older adults requiring long-term care. Malnutrition may be an important factor determining an individual's response to exercise training in elderly requiring long-term care. The aim of this study is to test the influence of the nutritional status in older adults on resistance training-induced changes in physical performance. Our hypothesis was that the effects of exercise would be limited among participants with malnutrition.
| METHODS

| Subjects
Between June 2014 and June 2016, we recruited 114 communitydwelling frail elderly people who were eligible for long-term care insurance (LTCI), lived in Iwata City, Japan, and were provided various home care services from the Iwata City Health Care Service Foundation for Older People. This study was conducted in accordance with the Declaration of Helsinki and approved by the institutional review board of Seirei Christopher University, Japan. Written informed consent was also obtained from all participants.
Inclusion criteria for the participants were (a) frailty status as certified by the LTCI service (i.e., support and care levels 1, 2, 3, 4, and 5), (b) age ≥ 65 years, (c) living in the community, (d) ability to walk independently (even with a cane), and (e) using day care services more than twice a week. Exclusion criteria for the participants were as follows: (a) severe cardiac, pulmonary, or musculoskeletal disorders and (b) physical limitations that could limit adherence to the exercise programme (e.g., poor upper limb function that limited the application of the weights).
| Long-term care insurance
Japan introduced a universal-coverage LTCI programme in April 2000 (Campbell & Ikegami, 2000; Ikegami, 2004) . In this system, applicants for services are classified into six grades. A trained local government official visits the home to evaluate nursing care needs using the questionnaire on current physical and mental status (73 items) and use of medical procedures (12 items). The results are entered into the computer to calculate the applicant's standardized scores for the seven dimensions of physical and mental status, estimate time for the nine categories of care (grooming/bathing, eating, toileting, transferring, eating, assistance with instrumental activities of daily living (ADL), behavioural problems, rehabilitation, and medical services), and assign a care-needs level based on the total estimated care minutes (support level; <30 min, Care Level 1; <50 min, Care Level 2; <70 min, Care Level 3; <90 min, Care Level 4; <110 min, Care Level 5; ≧110 min). Care insurance covers two types of services: in-home (domiciliary) services (e.g., home help, bathing assistance, visiting rehabilitation, day care service, visiting nurse, assistive device leasing, short stays, in-home medical care, care management, and an allowance for the purchase of assistive devices and home renovation) and institutional services. For elderly people receiving nursing care, further deterioration in their ability to conduct ADL, such as bathing, dressing, and walking, is an important concern. Furthermore, day care service, which includes "day care"
and "day rehabilitation" is provided in designated centres and is one of the major LTCI community-based services. Day care service is a facility-based daytime programme of nursing care, rehabilitation therapies, supervision, and socialization that enables frail, older people who are in poor overall health and have multiple co-morbidities and varying physical or mental impairments to remain active in the community.
| Interventions
Participants performed 60 min of group training sessions twice a week during the 6-month study period. Each exercise class used a standardized format that included 10 min of warm-up exercises, 40 min of resistance training, and 10 min of cool-down activities. The warm-up exercise comprised movements of legs, trunk, and arms to include all joints and major muscle groups. The cool-down exercise involved whole body relaxation and deep breathing. Furthermore, exercise programme comprised three resistance training using exercise machines, ankle weight, and a resistance band.
| Machine exercises
Participants performed chest press, leg press, and leg abduction exercises on the resistance training machines. Participants used an exercise intensity of 60% of one repetition maximum (1RM) for three sets of 10 repetitions for each machine exercise. Between the sets, participants had to pause for at least 1 min. 1RM was calculated indirectly using submaximal estimation.
| Ankle-weight exercise
To strengthen lower extremities, a fixed weight was placed on the ankle, while participants performed strengthening exercises. Weights of 0.5, 1.0, 1.5, and 2.0 kg were prepared and used in accordance with each participant's strength level as the resistance progressively increased. In addition, training was performed in two sets of 10 repetitions of the individual lifted weight. The exercises performed using these ankle weights included seated knee extension, toe raises, heel raises, and hip flexion. Intensity was maintained at approximately 12-14 on the Borg Rate of Perceived Exertion scale. We assumed 12-14 on the Borg Rate of Perceived Exertion scale to be 40-60% of 1RM (Morishita, Yamauchi, Fujisawa, & Domen, 2013) .
| Exercises using a resistance band
Resistance bands were used to strengthen the upper and lower body. 
| Measurement
Outcome measures were evaluated according to data collected from interviews, body composition assessments, cognitive assessment, and physical function tests at baseline and after the 6-month intervention. Health status was assessed through medical reports of hip fracture, dementia, cerebrovascular disease, hypertension, cancer, diabetes, osteoarthritis, heart failure, and depression from interviews and medical record. Height was measured to the nearest 1 mm and estimated from knee height. Weight was measured using a weighing scale (PW-650A, Tanita, Tokyo, Japan). Body mass index (BMI; kg m −2 ) was calculated using the weight and height measurements. Strength was assessed by using the hand grip strength.
Hand grip strength was measured using a Smedley-type hand dynamometer (model TKK5001; Takei Scientific Instruments, Niigata, Japan). Subjects were seated on a straight-backed chair without armrests, with shoulders adducted, elbows extended at 180°, forearms in a neutral position, and wrists slightly extended. Two measures were taken from the dominant hand, and the highest measure was recorded (kg of force). Cognitive function was assessed using the Mini-Mental State Examination (MMSE). MMSE scores range from 0 to 30, with lower scores indicating more severe cognitive impairment in the domains of orientation, memory, attention, and executive functions. The nutritional status was assessed using the Mini Nutritional Assessment Short Form (MNA-SF; Kaiser et al., 2009 ). The MNA-SF can be completed in less than 10 min (Guigoz, Lauque, & Vellas, 2002 (Guralnik et al., 1994) . All times are measured to the nearest 0.01 s using a stopwatch. Each test is scored between 0 and 4, and the scores are summed for a maximum score of 12. Higher scores represent better functioning. Scores on SPPB have been observed to predict disability within 1-6 years in several older populations (Guralnik, Ferrucci, Simonsick, Salive, & Wallace, 1995) . ADL was assessed using the Barthel Index, which covers all aspects of self-care independence in ADL, such as transfer, walking, use of stairs, toilet use, dressing, feeding, and bathing.
A total score of 100 points indicates complete self-sufficiency, whereas a score of zero indicates complete dependence.
| Statistical analysis
Data are presented as mean ± SD. All statistical analyses were conducted by using EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan), which is a graphical user interface for R (The R Foundation for Statistical Computing, Vienna, Austria). More precisely, it is a modified version of R commander designed to add statistical functions frequently used in biostatistics (Kanda, 2013) . One way analysis of variance was used to determine differences among the three groups at baseline. The post hoc multiple comparisons least significant differences test was used to identify pairwise differences. Two-way repeated-measures analysis of variance was used to evaluate the differences in the effect of the intervention on the outcome measures between groups, and a post hoc test was done on variables showing significant differences to determine which groups were different.
We calculated the rate of change of pre-and post-SPPB scores (post-SPPB − pre-SPPB/pre-SPPB × 100) and compared these between the three groups using analysis of covariance (ANCOVA).
Based on previous study (Kamo & Nishida, 2014) , age, sex, and pre-MMSE score were entered as the covariates. In order to determine whether nutritional status was associated with improvement of physical function, multivariate logistic regression analysis adjusted for age, sex, and the pre-MMSE scores was performed. For this analysis, the presence or absence of improvement of physical function was used as a dependent variable, whereas nutritional status was used as an independent variable. A p value of <0.05 was considered significant.
| RESULTS
A total of 114 people were screened, and 95 (83.3%) meeting the inclusion criteria of the trial and agreeing to participate were enrolled.
Fourteen participants were excluded because they did not match the inclusion criteria, and five were excluded because they did not match the criteria for physical limitations. Four participants (wellnourished = 1, at risk = 1, malnutrition = 2) were unable to complete the study because of admission to a nursing home (n = 2), hospitalization (n = 1), and death (n = 1). Table 1 presents the characteristics of the participants according to nutritional status. Both at risk and malnutrition groups had significantly lower weight, BMI, and Barthel Index score than the well-nourished group (Table 1) . There were no significant differences in height, number of diseases, SPPB scores, grip strength, and walking aid user among the three groups (Table 1) . According to the original cut-off point of the MNA-SF, 17.6% of those assessed were malnourished, 46.2% were at risk of malnutrition, and 36.3% were well nourished. In comparing the preintervention and postintervention changes in functional fitness of the groups (Table 2) , there was a significant Group × Time interaction for SPPB scores ( F = 11.59, p < 0.01), 4-m walk speed ( F = 5.87, p < 0.01), and grip strength ( F = 3.27, p < 0.05). To test the effects of nutritional status on resistance training, we performed an ANCOVA to examine the differences among the three groups. The ANCOVA, adjusted for age, sex, and pre-MMSE scores,
showed the rate of change in pre-and post-SPPB scores was higher in well-nourished group than at risk group and malnutrition groups ( F = 7.14, p < 0.01; Figure 1 ). Furthermore, multivariate logistic regression analysis adjusted for the same factors as ANCOVA showed that well-nourished group was significantly more likely to improve in terms of physical function (odds ratio 3.08, 95% confidence interval [1. 54, 6 .15], p < 0.01; Table 3 ).
| DISCUSSION
In this study, we demonstrated that SPPB significantly improved for those who were well nourished and the magnitudes of improvement in the physical performance among the well-nourished group exceeded those in the at risk or malnutrition group. The presence of malnutrition at baseline seems to influence the effect. In addition, the results of the study revealed that malnutrition was an independent negative factor of effects of resistance training in older adults.
Our finding that the effects of resistance training were related to the nutritional status conflicts with that of previous study (Arai & Obuchi, 2011) . There may be at least two reasons why the effects of resistance training were associated with the nutritional status in the present study. First, the physical function of the participants was lower than that in previous studies (Latham, Bennett, Stretton, & Anderson, 2004) . Several studies have shown the superiority of lowintensity, resistance training for the improvement of maximal strength and physical performance, even in frail patients and in patients with chronic disease (Latham et al., 2004) . However, there was a reduced effect in trials that included people with a physical disability or functional limitation (Latham et al., 2004) . In this study, because the participants were frail elderly people, there is a possibility that the Number of diseases 3.0 ± 1.5 3.1 ± 1.5 3.0 ± 1.5 2.7 ± 1.5 0.63 BI score 88.1 ± 12.2 94.5 ± 7.0 85.5 ± 13.4* 81.9 ± 12.2* <0.01 MMSE score 21.7 ± 5.0 23.5 ± 4.6 20.3 ± 5.4* 21.6 ± 3.6 <0.05 SPPB score 6.5 ± 2.7 7.3 ± 2.7 6.1 ± 2.9 5.8 ± 1.8 0.09 MNA-SF score 10.1 ± 2.5 12.5 ± 0.6 9.8 ± 1.1* 5.8 ± 1.6** <0.01
Grip strength (kg) 16.6 ± 6.5 18.5 ± 7.2 15.8 ± 6.5 14.9 ± 4.0 0.09
Gait speed (m s study was conducted at the same intensity as were previous studies, and the effects were similar to those for people with a physical disability or functional limitation. Second, the nutritional status was assessed using MNA-SF in the present study. Our methods differed from those used in a previous study (Arai & Obuchi, 2011) . Furthermore, literature indicated that the nutritional status was assessed using serum albumin concentration (Arai & Obuchi, 2011) . In addition, it should be noted that in the previous study, the cut-off points below 4.0 g dl −1 for serum albumin were considered to be suboptimal nutrition markers (Arai & Obuchi, 2011) . Several studies have also suggested that a serum albumin concentration of 3.5 g dl −1 was the best cut-off point for predicting malnutrition (Kuzuya et al., 2005) . MNA-SF, a single and rapid nutrition assessment, was developed to assess the nutritional status as a part of the standard evaluation of elderly patients in clinics, nursing homes, hospitals, or among those who are otherwise frail. It is one of the most widely used tools for evaluating the nutritional status in older people.
We also found that nutritional status in baseline was an independent negative factor of effects of resistance training in older adults.
Semistarvation, chronic disease-related malnutrition, reduced physical activity, and aging are external factors that may alter peripheral skeletal muscle (Franssen, Wouters, & Schols, 2002) . Although the specific mechanisms by which nutritional status were associated with effects of resistance training are not clear, several reasons can be speculated. Some studies reported postexercise increases the rates of muscle protein breakdown (Dohm, Kasperek, Tapscott, & Beecher, 1980; Rennie et al., 1981) . In addition, older adults required a higher dose of weekly loading than the young to maintain myofibre hypertrophy attained during a progressive resistance training programme (Bickel, Cross, & Bamman, 2011) . In patients with stroke, the underweight group had the lowest functional independence measure efficiency, followed by the obese and normal-weight subgroups (Burke et al., 2014) . A previous study suggested that patients with stroke in the lowest BMI quantile (<21.2) showed relatively worse stroke FIGURE 1 Difference in the rate of change of SPPB scores among the three groups. *p < 0.01. SPPB: Short Physical Performance Battery severity and functional recovery, compared with those in the higher quantiles (Kim, Kim, Jung, Yoon, & Lee, 2015) . Why well-nourished participants benefit from increasing resistance training remains unknown.
The present study had several limitations. First, the low number of participants and the fact that single participants were not randomized.
Therefore, these findings should be considered as preliminary due to the relatively small sample size. These limitations may introduce some error of inference, reduce the power of the analysis, and limit the extent to which our findings can be generalized. Second, we used only one of the nutritional screening tools recommended by the European
Society of Parenteral and Enteral Nutrition Guidelines for Nutrition
Screening (Nykänen, Lönnroos, Kautiainen, Sulkava, & Hartikainen, 2013) , namely, the MNA-SF. Other nutritional factors, such as eating environment and habits, were not included in this study. In conclusion,
we investigated the impact of malnutrition in older adults on resistance training-induced changes in physical performance. We found that the physical function of frail elderly people who are malnourished or at risk of malnutrition at baseline did not improve.
In contrast, SPPB score significantly improved for those who were well nourished. These findings suggest that maintaining a good nutritional status may maximize the effects of resistance training.
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